In this paper we derive a gauge fixing identity by varying the covariant gauge fixing term in Z[A, J, η,η] in the background field method of QCD in pure gauge. Using this gauge fixing identity we establish a relation between Z[J, η,η] in QCD and Z[A, J, η,η] in background field method of QCD in pure gauge. We show the validity of this gauge fixing identity in general non-covariant and general Coulomb gauge fixings respectively. This gauge fixing identity is used to prove factorization theorem in QCD at high energy colliders and in non-equilibrium QCD at high energy heavy-ion colliders.
I. INTRODUCTION
Background field method of QCD was originally formulated by 't Hooft [1] and later extended by Abbott [2] . This is an elegant formalism which can be useful to construct gauge invariant (off-shell) green's functions in QCD. For example, certain properties of structure functions and/or fragmentation functions at high energy colliders and at high energy heavy-ion colliders may be studied by using these gauge invariant green's functions.
This formalism is also useful to study quark and gluon production from classical chromo field [3] via Schwinger mechanism [4] , to compute β function in QCD [5] and to study evolution of QCD coupling constant in the presence of chromofield [6] .
Unlike QCD, since the lagrangian density in the generating functional in the background field method of QCD is gauge invariant (even after quantizing the theory), this formalism may be useful to study properties of certain gauge invariant non-perturbative physical quantities in QCD. From this point of view it is desirable to find situations where we can relate generating functional in the background field method of QCD to the generating functional in QCD (i.e. QCD without the background field). In the presence of external sources a relation between the generating functional in QCD and the generating functional in the background field method of QCD in pure gauge
may be useful in many physical situations.
However, unlike QED [7] , finding an exact relation between the generating functional in background field method of QCD in pure gauge. In QCD without background field, a general gauge fixing WT identity was obtained in [8] .
In this paper we will derive a gauge fixing identity by varying the covariant gauge fixing term in Z[A, J, η,η] in the background field method of QCD in pure gauge. We will make a detailed analysis of this identity by using general non-covariant and general Coulomb gauge fixing terms. We will show that the gauge fixing identity holds for covariant, general noncovariant and general Coulomb gauge fixings respectively. Using this gauge fixing identity we will establish a relation between Z[J, η,η] in QCD and Z[A, J, η,η] in background field method of QCD in pure gauge.
We have used this gauge fixing identity in [9] to prove factorization of soft and collinear divergences at high energy colliders. We have also used this identity in [10] to prove factorization of fragmentation function in non-equilibrium QCD which can be experimentally applicable at high energy heavy-ion colliders at RHIC and LHC [11] .
The paper is organized as follows. We derive a gauge fixing identity by varying the covariant gauge fixing term in Z[A, J, η,η] in background field method of QCD in pure gauge in section II. In section III and IV we perform our calculation by using general noncovariant and general Coulomb gauge fixings respectively. We establish a relation between Z[J, η,η] in QCD and Z[A, J, η,η] in background field method of QCD in pure gauge by using this gauge fixing identity in section V. Section VI contains conclusions.
II. DERIVATION OF GAUGE FIXING IDENTITY BY USING COVARIANT GAUGE FIXING
In the background field method of QCD the generating functional is given by [1, 2] 
where the covariant gauge fixing term is
which depends on the background field A a µ . Under the infinitesimal gauge transformation
the gluon field Q a µ and the background field A a µ transform as follows [2] 
By changing Q → Q − A in eq. (2) we find
where the gauge fixing term from eq. (3) becomes
and eq. (5) becomes
Note that eq. (8) 
We write this as
Using this in eq. (6) we find
The ghost determinant becomes
Using eqs. (12) and (6) in (11) we find
For infinitesimal gauge transformation we find from eq. (8)
Changing the variables of integration from unprimed to primed variables in eq. (6) we find
This is because a change of variables from unprimed to primed variables does not change the value of the integration. Under the infinitesimal gauge transformation, using eq. (14), we find [12] [
where we have made use of eq. (4). Similarly under this infinitesimal gauge transformation the fermion fields transform accordingly i.e.
Using eqs. (14) and (17) we find
which are gauge invariant.
Using eqs. (16) and (18) in eq. (15) we find
Let us consider the background field to be a pure gauge as given by eq. (1). For infinitesimal gauge transformation parameter β, see eq. (4), we find from eq. (1)
From eq. (7) we find
which gives (by using eqs. (14) and (20))
Note that A is proportional to β, see eq. (20). Hence under an infinitesimal gauge transformation (using eq. (14)) we find from eq. (22)
where we have kept terms up to order O(β) and have neglected terms of order O(β 2 ), see eq. (4). Eq. (23) gives
where we have kept terms up to order O(β) and have neglected terms of order O(β 2 ) using eq. (4). Hence we find
where we have used eqs. (9) and (10). Using eq. (23) we find
Since from eq. (8)
we find
from eq. (26)
where we have used eqs. (9) and (10) . Using eqs. (25), (29), (14) and (17) in eq. (19) we
Using eq. (6) in (30) we find
From the above equation we obtain our required identity
Eq. (32) is the gauge fixing identity by varying the gauge fixing term in Z[A, J, η,η] in the background field method of QCD in pure gauge.
III.
DERIVATION OF GAUGE FIXING IDENTITY BY USING GENERAL NON-COVARIANT GAUGE FIXING
The generating functional in the background field method of QCD with general noncovariant gauge fixing is given by
where
is the gauge fixing term in general non-covariant gauges [13, 14] 
In QCD (without the background field) the generating functional with general non-covariant gauge fixing is given by
is the gauge fixing term in general non-covariant gauges [13, 14] . We write this as
Changing the variables of integration from unprimed to primed variables in eq. (35) we
which is similar to eq. (19) but with G a f (Q) given by eq. (36). By using eqs. (14) and (20) we find from eq. (36)
Note that A is proportional to β, see eq. (20). Hence under an infinitesimal gauge transformation (using eq. (14)) we find from eq. (41)
where we have kept terms up to order O(β) and have neglected terms of order O(β 2 ), see eq. (4). Eq. (42) gives
Keeping terms up to order O(β) and neglecting terms of order O(β 2 ), see eq. (4), we find from eq. (43)
where we have used eqs. (38) and (39). Using eq. (42) we find
Keeping terms up to order O(β) and neglecting terms of order O(β 2 ), see eqs. (4) and (28), we find from eq. (45) det δG
IV.
DERIVATION OF GAUGE FIXING IDENTITY BY USING GENERAL COULOMB GAUGE FIXING
The generating functional in the background field method of QCD with general Coulomb gauge fixing is given by
is the gauge fixing term in general Coulomb gauge [13] with
By changing Q 
In QCD (without the background field) the generating functional with general Coulomb gauge fixing is given by
is the gauge fixing term in general Coulomb gauge [13] .
Hence by replacing
everywhere in the derivations in the previous section we find
where the covariant gauge fixing term G a f (Q) is given by eq. (7). Similarly using eq. (49) with general non-covariant gauge fixing we arrive at eq. (61) with general non-covariant gauge fixing term G (61) in [9] to prove factorization of soft and collinear divergences at high energy colliders.
We have also used this equation in [10] is to prove factorization of fragmentation function in non-equilibrium QCD which can be experimentally applicable at RHIC and LHC [11] . have used this gauge fixing identity in [9] to prove factorization of soft and collinear divergences at high energy colliders. We have also used this identity in [10] to prove factorization of fragmentation function in non-equilibrium QCD which can be experimentally applicable at RHIC and LHC [11] .
